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@ A carborvcarbon composite having oxidation re- 
sistance is produced by filling the voids of a 
carbon/carbon composite comprising 10-70% by vol- 
ume of carbon fibers and 5-90% by volume of a 
carbonaceous matrix and having a void percentage 
of 10-55%. with at least one of carbon and a ceramic 
by chemical vapor infiltration and then coating the 
deposit surface with a ceramic or both ceramic and 
carbon by chemical vapor deposition. 
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PROCESS FOR PRODUCING CARBON/CARBON COMPOSITE HAVING OXIDATION RESISTANCE 



BACKGROUND OF THE INVENTION 

The present invention relates to a process for 
producing a carbon/carbon composite having oxi- 
dation resistance. 

Carbon/carbon composites have unique prop- 
erties; for example, in an inert gas atmosphere, 
even at high temperatures above 1.000* C, they 
maintain high strength and high modulus and ex- 
hibit small coefficients of thermal expansion. Their 
utilization is expected as materials for aerospace, 
brakes and furnaces. However, they are low in their 
resistance to oxidation, under-going oxidative wast- 
age at temperatures of 500* C or so and higher. To 
prevent this, according to the prior art. a ceramic 
coating is formed on the surface of a 
carbon/carbon composite. However, there occurs 
delamination at the interface or crack formation due 
to the mismatch in thermal expansion coefficient 
between carbon and a ceramic material, so the 
function as the composite cannot be fulfilled to a 
satisfactory extent 



SUMMARY OF THE INVENTION 

It is the object of the present invention to 
overcome the above-mentioned drawback of the 
prior art. and particularly to provide a process for 
producing a carbon/carbon composite superior in 
oxidation resistance and having a coating causing 
neither delamination nor crack formation. The 
present invention resides in a process for produc- 
ing a carbon/carbon composite having oxidation 
resistance, which process comprises filling voids of 
a carbon/carbon composite with carbon and/or a 
ceramic material by chemical vapor deposition, the 
carbon/carbon composite comprising 10-70 vol.% 
of Carbon fibers and 5-90 vol.%~of a carbonaceous 
matrix and having a open porosity of 10 to 55 
vol.%, and then coating the deposit surface with a 
ceramic material or both a ceramic material and 
carbon by chemical vapor deposition. 

DETAILED DESCRIPTION OF THE INVENTION 

The carbon/carbon composite producing meth- 
od according to the present invention will be de- 
scribed in detail hereinunder. 

The carbon/carbon composite having a void 
percentage of 10 to 55% indicates a carbon/carbon 
composite comprising 10-70 vol.%. preferably 20- 
60 vol.%, more preferably 30-55 vol.%. of carbon 
fibers and 5-90 vol.%. preferably 10-60 vol.%. 



more preferably 15-55 vol.%, of a carbonaceous 
matrix and having a proportion of voids in commu- 
nication with the composite surface of 10-55%, 
preferably 20-50%, more preferably 25-45%. 

s Examples of the carbon fibers referred to here- 

in include unidirectional laminates, two-dimensional 
fabrics or laminates thereof, three-dimensional fab- 
rics, mat-like products and felt-like products, thus 
including two- or three-dimensional shaped pro- 

70 ducts, using tow of 500 to 25,000 carbon filaments. 
Particularly, three-dimensional fabrics are pre- 
ferred. As the carbon fibers there may be used 
pitch-, polyacrylonitrile- or rayon-based carbon fi- 
bers, but pitch-based carbon fibers are particularly 

is preferred because of high oxidation resistance. The 
carbonaceous matrix referred to herein is obtained 
by the carbonization of a carbonaceous pitch, a 
phenolic resin or a furan resin. A carbonaceous 
matrix obtained by the carbonization of a carbona- 

20 ceous pitch is particularly preferred. As the car- 
bonaceous pitch there is used a coal or petroleum 
pitch having a softening point of 100* to 400 C, 
preferably 150* to 350 "c. Both optically isotropic 
and anisotropic carbonaceous pitches are employ- 

25 able, but an optically anisotropic pitch having an 
optically anisotropic phase content of 60 to 100% 
is particularly preferred. 

The carbon/carbon composite having a void 
percentage of 10-55% is obtained by impregnating 

30 a carbon precursor such as a carbonaceous pitch, 
a phenolic or a furan resin into a fabric or shaped 
product of the carbon fibers, followed by carboniza- 
tion at atmospheric pressure, or under high pres- 
sure, or under uniaxial pressing. 

35 The impregnation is attained by heat-melting a 
carbonaceous pitch for example, in a vacuum and 
contacting the molten pitch with a carbon fiber 
product, provided there may be used a solvent for 
—cut-back to reduce the viscosity in the impregna- 

40 tion. Employable solvents include aromatic hydro- 
carbons, pyridine and quinoiine. 

The carbonization at atmospheric pressure can 
be carried out at 400-2,000* C in an inert gas 
atmosphere. Carbonization under pressure can be 

45 performed at 400-2,000* C under pressurizing to 
50-10,000 kg/cm 2 using an inert gas. The car- 
bonization under pressing can be conducted at 
400-2,000* C under hot pressing to 10-500 kg/cm 2 . 
In order to improve the carbonization yield, the 

60 impregnated fibers may be rendered infusible prior 
to carbonization. This infusiblizing treatment is per- 
formed at 50-400" C. preferably 100-350* C, in an 
oxidative gas atmosphere. In this case, employable 
oxidative gases include air, oxygen, nitrogen ox- 
ides, sulfur oxides, halogens, and mixtures thereof. 
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The infusiblizing treatment may be applied up to 
the center of the impregnated woven structure, or it 
may be done only to an extent of permitting the 
shape of the impregnated carbon fibers to be re- 
tained in the subsequent carbonization treatment. 

In order to obtain the carbon/carbon composite 
having a void percentage of 10-55%, the 
impregnation/carbonization cycle may be repeated 
in a required number of times for densifying. This 
densification may be stopped at a certain degree to 
obtain the composite. Also, a densifying to less 
than 10% in terms of a void percentage may be 
followed by a chemical treatment and/or a physical 
treatment to a void percentage of 10-55%. For 
example, a portion of the carbonaceous matrix can 
be removed by oxidation etching. 

According to the present invention, the voids of 
the carbon/carbon composite having a void per- 
centage of 10-55% are filled with carbon and/or a 
ceramic material obtained by chemical vapor in- 
filtration, then the deposit surface is coated with a 
ceramic material or both a ceramic material and 
carbon by chemical vapor deposition. The opera- 
tion of filling the voids with carbon and/or a ce- 
ramic material depositionwise by vapor phase de- 
composition is generally called CVI (chemical va- 
por infiltration), and the operation of coating the 
deposit surface with a ceramic material or both a 
ceramic material and carbon depositionwise 6y va- 
por phase decomposition is generally called .CVD 
(chemical vapor deposition). Concrete examples 
are thermal CVI/CVD and plasma CWCVD. 

Examples of the ceramic material used in de- 
positing it and/or carbon by CVI or CVD include 
SiC. ZrC. TIC. HfC. B*C , NbC. WC. T1B2. BN, and 
Si 3 N*, with SiC. ZrC. TiC and HfC being particu- 
larly preferred. The ceramic material and carbon 
may be deposited simultaneously. 

Employable decomposition gases for obtaining 
carbon are hydrocarbons, preferably hydrocarbons 
-having 1 to 6 carbon atoms, as well known,- includ- 
ing methane, natural gas, propane and benzene. 
Employable decomposition gases for obtaining a 
ceramic material include, as well known, halides, 
hydrides, organometallic compounds, and mixtures 
thereof with the above hydrocarbon gases, hy- 
drogen or inert gases. More concretely, SiCU and 
CH 3 SiCI 3 may be used for SiC; ZrCU for ZrC; 
TiCU for Tic; and HfCU for HfC. 

Reaction conditions differ between CVI and 
CVD. For filling the voids of the carbon/carbon 
composi by CVI. the temperature is in the range of 
1.000 to 1,500* C and pressure 0.1 to 50 Torr, 
preferably 0.1 to 10 Torr. On the other hand, where 
the deposit surface is to be coated with a ceramic 
material or both carbon and a ceramic material by 
CVD, the temperature is in the range of 1,000* to 
2.000* C and pressure 5 to 760 Torr, preferably 50 



to 760 Torr. 

Where the two reactions of CVI and CVD are to 
be conducted in a continuous manner, it is prefer- 
able that the reaction conditions be changed con- 

5 tinuously. More particularly, it is preferable that the 
depositionwise filled portion by CVI and the de- 
positionwise coated portion by CVD be different in 
at least one of texture, structure and composition 
and that at least one of texture, structure and 

ro composition be changed continuously. 

For the difference in at least one of texture, 
structure and composition and for continuous 
change of at least one of texture, structure and 
composition, at least one of reaction temperature, 

75 reaction pressure, feed gas rate and feed gas ratio 
is changed continuously. A continuous change of 
CVI/CVD temperature is performed in the range of 
1,000 to 1,500* C in case of CVI and 1.000* to 
2.000* C in case of CVD, and the time required for 

20 the change is. say. 5 minutes to 10 hours. A 
continuous change of CWCVD pressure is per- 
formed in the range of 0.1 to 50 Torr in case of CVI 
and 5 to 760 Torr in case of CVD, requiring, say, 5 
minutes to 10 hours. The feed gas rate greatly 

25 differs depending on the size, structure and geom- 
etry of the furnace used in each reaction, but in the 
use of a reactor having a capacity of 24,000 cm 3 , 
the feed speed may be changed continuously in 
the range of between 10 to 10,000 cm 3 /min (normal 

30 state), requiring, say. 5 minutes to 10 hours. The 
feed ratio may be changed continuously so that the 
proportion of one component of the resulting de- 
posit is in the range of 0% to 100%. The time 
required for the change is. say, 5 minutes to 10 

35 hours. 

Further, it is desirable to change at least one of 
texture, structure and composition continuously so 
that the thus-filled and -coated composite has a 
minimum thermal stress distribution. Since the 

40 composite is often used under temperature gra- 

dient, there occurs a thermal stress in its interior. In 

addition to imparting oxidation resistance to the 
composite, it is also important to impart a thermal 
stress mitigating characteristic thereto. Therefore, 

45 also as to CVI and/or CVD itself, it is desirable to 
change at least one of texture, structure and com- 
position so as to give a minimum thermal stress 
and its distribution. 

The "texture" as referred to herein indicates a 

50 fine texture of a micron order capable of being 
identified using, for example, an optical microscope 
or a scanning electron microscope. For changing 
the texture continuously, at least one of tempera- 
ture, pressure, feed gas rate and feed gas ratio 

55 may be changed continuously. Particularly, it is 
preferred to change at leas one of temperature, 
pressure and feed speed continuously. 

The "structure" as referred to herein indicates 
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a crystal level structure capable of being identified 
by, for example. X-ray diffraction, a high resolution 
electron microscope, or Raman spectrum. The 
structure can be continuously changed by continu- 
ously changing at least one of temperature, pres- 
sure, feed speed and feed ratio. Particularly, it is 
desirable to change at least one of temperature, 
pressure and feed speed continuously. 

The "composition " as referred to herein in- 
dicates components capable of being identified 
chemically, e.g. components capable of being iden- 
tified by elementary analysis or using an energy 
dispersion type fluorescent X-ray apparatus 
(ESCA). as well as voids. More specifically, it in- 
dicates carbon, ceramics as exemplified previously, 
and voids different in size or distribution. The com- 
position can be continuously changed by continu- 
ously changing at least one of temperature, pres- 
sure, feed speed and feed ratio. Especially, it is 
preferred to change the feed ratio continuously. 

The following examples are given to illustrate 
the present invention concretely. 



Example 1 

An orthogonal three-dimensional fabric using 
2,000 pitch-based carbon filaments each 10 urn in 
diameter was impregnated with an optically an- 
isotropic pitch having a softening point of 280* C. 
The thus-impregnated fabric was hot-pressed at 
700 # C under a pressure of 100 kg/cm 2 and then 
carbonized at 1,300"C for 1 hour under atmo- 
spheric pressure to obtain a carbon/carbon com- 
posite. The composite was found to comprise 30 
vol.% of carbon filaments and 40 vol.% of a car- 
bonaceous matrix and have a void percentage of 
30%. 

The carbon/carbon composite was placed in a 
furnace and subjected to thermal CVl at 1.150 C, 
5 Torr while passing CaH a at a rate of 40 cm 3 /min 
(normal-state),-to-fill the voids whh carbon _de^- 
positionwise by vapor phase decomposition. Then, 
the surface was coated with SiC depositionwise by 
thermal CVD while conditions were changed con- 
tinuously so that the pressure was 100 Torr and 
feed gases became a mixture of SiCU (170 
cm 3 /min) + C 3 H 8 (40 cnrvVmin) + H 2 (700 
cm 3 /min) (the flow rates being all normal state). 
The time required for changing conditions was 30 
minutes. The thus-filled and -coated composite was 
observed using a scan type electron microscope 
and an energy dispersion type fluorescent X-ray 
apparatus to find that carbon was uniformly depos- 
ited by CVl in the voids of the carbon/carbon 
composite and that the surface was coated with 
SiC by CVD. A continuous change was observed in 
the composition between the CVl and CVD depos- 



its, and neither surface delamination nor crack was 
observed. 



5 Example 2 

An orthogonal three-dimensional fabric using 
2,000 pitch-based carbon filaments each 10 urn in 
diameter in Z axis direction and 4,000 of the same 

10 filaments in X and Y axes directions was impreg- 
nated with an optically anisotropic pitch having a 
oftening point of 280* C. The thus-impregnated fab- 
ric was carbonized at 550 "C under a pressure of 
200 kg/cm 2 and then further carbonized for 1 hour 

;5 at 1,200*C and at atmospheric pressure to obtain 
a carbon/carbon composite. 

The carbon/carbon composite, which was 
found to comprise 50 vol.% of carbon filaments 
and 30 vol.% of a carbonaceous matrix and have a 

20 void percentage of 20%, was placed in a furnace 
and subjected to hot CVl at 1.150* C. 5 Torr while 
passing a gaseous mixture of SiCU (50 cm 3 /min) + 
C 3 H a (40 cm 3 /min) + H 2 (200 cm 3 /min) to fill the 
voids with carbon and SiC depositionwise by vapor 

25 phase decomposition. Then, the surface was coat- 
ed with SiC depositionwise by thermal CVD while 
conditions were changed continuously over a 30 
minute period so that the pressure was 100 Torr 
and the feed gases became a mixture 6f SiCU (170 

30 cirvVmin) + C 3 H 8 (40 cm 3 /min) + H 2 (700 
cnrvVmin). The thus-filled and -coated composite 
was observed using a polarizing microscope and a 
scan type electron microscope to find that carbon 
and SiC were deposited uniformly by CVl in the 

35 voids of the carbon/carbon composite and that the 
surface was coated with SiC by CVD. A continuous 
change was observed in the composition between 
the CVl and CVD deposits, and no surface separa- 
tion was observed. 

40 

Example 3 



The carbon/carbon composite obtained in Ex- 
45 ample 1 was placed in a furnace and subjected to 
thermal CVl at 1,050* C. 20 Torr while passing 
CHaSiCb to fill the voids with SiC. Then, conditions 
were changed continuously up to 1,300* C and 100 
Torr during the period of 1 hour and thereafter the 
so surface was coated with SiC by thermal CVD. The 
thus-filled and -coated composite was observed 
using a polarized microscope, a scanning electron 
microscope and a Laser Raman spectrometry to 
find that SiC was deposited uniformly by CVl in the 
55 voids of the carbon/carbon composite and that the 
surface was coated with SiC by CVD. There was 
observed a continuous change in the texture be- 
tween the CVl and CVD deposits, and no surface 
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delamination was observed. 



Comparative Example 1 

A carbon/carbon composite comprising 30 
vol.% of carbon filaments and 65 vol.% of a car- 
bonaceous matrix and having a void percentage of 
5% was placed in a furnace and the surface there- 
of was coated with SiC by thermal CVD at 
1.300 'C. 100 Torr while passing CH 3 SiCI 3 as in 
Example 3. The thus-coated composite was in- 
spected using a scanning electron microscope and 
was found to have delamination. 



Example 4 

The carbon/carbon composite obtained in Ex- 
ample 2 was placed in a furnace and subjected to 
thermal CVI while the gas composition was 
changed continuously from C 3 H 8 (40 cm 3 /min) to a 
gaseous mixture of SiCU (50 cm 3 min) + C 3 H 8 (40 
cm 3 min) + H 2 (200 cm 3 /min), at 1,150* C. 5 Torr, 
to fill the voids with carbon, then carborvSiC de- 
posit by vapor phase decomposition. Then, the 
surface was coated with SiC by thermal CVD while 
conditions were changed continuously to a tem- 
perature of 1.500* C. a pressure of 300 Torr and a 
feed gas composition of SiCU (170 cnvVmin) + 
C 3 H 8 (40 cm 3 'min) + H 2 (700 cm 3 /min). The .thus- 
filled and -coated composite was observed using a 
polarizing microscope and a scanning electron mi- 
croscope to find that carbon, then carbon/SiC were 
uniformly deposited by CVI in the voids of the 
carbon/carbon composite and that the surface was 
coated with SiC deposit by CVD. A continuous 
change was observed in the texture between the 
CVI and CVD deposits, and no delamination was 
observed. 



Example 5 



thermal CVD. The thus-filled and -coated compos- 
ite was observed using a polarized microscope and 
a scanning electron microscope to find that carbon, 
then carbon/SiC were deposited by CVI in the 
5 voids of the carbon/carbon deposit and that the 
surface was coated with SiC deposit by CVD. A 
continuous change was observed in the composi- 
tion between the CVI and CVD deposits, and no 
delamination was observed. 

w 

Example 6 

An orthogonal three-dimensional fabric using 

is 2,000 pitch-based carbon filaments each 10 urn in 
diameter was impregnated with an optically an- 
isotropic pitch having a softening point of 280 "C. 
The impregnated fabric was hot-pressed at 700 *C 
under a pressure of 100 kg/cm 2 and then car- 

20 bonized at 1,300* C for 1 hour to obtain a 
carbon/carbon composite comprising 30 vol.% of 
carbon filaments and 40 vol.% of a carbonaceous 
matrix and having a void percentage of 30%. 

The carbon/carbon composite was placed in a 

25 furnace and subjected to thermal CVI at 1.150*C. 
5 Torr while passing C3H3 (40 cm 3 /min) to fill the 
voids with carbon by vapor phase decomposition. 
Then, after a continuous change in condition 100 
Ton* at 1,150* C, the feed gas composition was 

30 changed continuously from SiCU (50 cm 3 /min) + 
C 3 H a (40 cm 3 /min) + H 2 (200 cm 3 /min) to SiCU - 
(170 cm 3 /min) + C 3 H 8 (40 cm 3 'min) + H 2 (700 
cm 3 /min), and the surface coated with a continuous 
texture from carbon/SiC to SiC by thermal CVD. 

35 The thus-filled and -coated composite was ob- 
served using a scanning electron microscope and 
an energy dispersion type fluorescent X-ray ap- 
paratus to find that carbon was uniformly deposited 
by CVI in the voids of the carbon/carbon composite 

40 and that the surface was coated with carbon/SiC 
depbstt~by~CVD~A^^ritirTuous^ change^as ob- 
served in the composition between the CVI and 
CVD deposits, and no delamination was observed. 



The carbon/carbon composite (carbon fila- 
ments 50 vol.%, carbonaceous matrix 30 vol.%. 
void percentage 20%) obtained in Example 2 was 
placed in a furnace and subjected to hot CVI at 
1.150* C, Torr while passing C^Hs at 40 cm 3 /min 
(normal state) to fill the voids depositionwise by 
vapor phase decomposition. Subsequently, also at 
1,150* C, 5 Torr, there was performed thermal CVI 
under continuous change in condition into a feed 
gas composition of SiCU (170 cm 3 /min) + CsHs - 
(40 cm 3 /min) + H 2 (700 cm 3 /min) over a 2 hour 
period. Lastly, conditions were changed continu- 
ously up to 1.500" C, 300 Torr over a 30 minute 
period and the surface was coated with SiC by 



45 

Example 7 

An orthogonal three-dimensionaJ fabric using 
2.000 pitch-based carbon filaments each 10 urn In 

50 diameter in Z direction and 4.000 of the same 
filaments in X and Y directions was impregnated 
with an optically anisotropic pitch having a soften- 
ing point of 280 *C. The impregnated fabric was 
carbonized at 550 "C under a pressure of 200 

55 kg/cm 2 and further carbonized at 1,200* C for 1 
hour under atmospheric pressure to obtain a 
carbon/carbon composite. 

The carbon/carbon composite, which was 
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found to comprise 50 vol.% of carbon filaments 
and 30 vol.% of a carbonaceous matrix and have a 
void percentage of 20%, was placed in a furnace 
and subjected to thermal CVI at 1.150* C, 5 Torr 
while passing a gaseous mixture of SiCU (50 
cm 3 /min) + C 3 H 8 (40 cm 3 /min) + H 2 (200 
cm 3 /min) to fill the voids with carbon and SiC 
depositionwise by vapor phase decomposition. 
Then, while the temperature and pressure con- 
ditions were changed continuously up to 1.500 C 
and 300 Torr, respectively, the feed gas composi- 
tion was also changed continuously from SiCU (50 
cm 3 'min) + C 3 H 8 (40 cm 3 'min) + H 2 (200 
cm 3 ''min) to SiCU (170 cm 3 /min) + C 3 H 8 (40 
cm 3 /min) + H 2 (700 cm 3 /min), and the surface was 
coated under continuous change in composition 
from carbon/SiC to SiC depositionwise by thermal 
CVD. The thus-filled and -coated composite was 
inspected using a polarized microscope and a 
scanning electron microscope to find that the voids 
of the carbon/carbon composite were filled with 
carbon/SiC uniformly by CVI and that the surface 
was coated with carbon/SiC deposit by CVD. A 
continuous change was observed in the composi- 
tion between the CVI and CVD deposits, and no 
surface separation was observed. 



Example 8 

. The carbon/carbon composite obtained in Ex- 
ample 2 was placed in a furnace and thermal CVI 
of C 3 H 8 (40 cnrvVmin) was started at 1 ,150*C ; 5 
Torr, then hot CVI was performed also at 1,1 50* C. 
5 Torr, under continuous change to a gas composi- 
tion of SiCU (50 cm 3 /min) + C 3 H 8 (4 cm 3 /min) + 
H 2 (200 cm 3 /min) over a 30 minute period to fill the 
voids with a continuous texture from carbon to 
carbon/SiC depositionwise by vapor phase decom- 
position. Then, while the temperature and pressure 
conditions were changed continuously up to 
— 1,500-C and -300 -Torr,- respectively, the. feed gas__ 
composition was also changed continuously from 
SiCU (50 cm 3 /min) + C 3 H 8 (40 cnrvVmin) + H 2 - 
(200 cnrvVmin) to SiCU (170 cm 3 /min) + C 3 H 8 (40 
cm 3 /min) + H 2 (700 cm 3 /min) and the surface was 
coated under continuous change in composition 
from carbon/SiC to SiC by CVD. The thus-filled and 
-coated carbon/carbon composite was observed us- 
ing a polarized microscope and a scanning electron 
microscope to find that the voids of the composite 
were uniformly filled with carbon/SiC deposit by 
CVI and that the surface was coated with 
carbon/SiC deposit by CVD. A continuous change 
was observed in the texture and composition be- 
tween the CVI and CVD deposits, and no de- 
lamination was observed. 



Claims 

1. A process for producing a carbon/carbon 
composite having oxidation resistance, which pro- 

5 cess comprises filling the voids of a carbon/carbon 
composite comprising 10-70% by volume of car- 
bon fibers and 5-90% by volume of a carbona- 
ceous matrix and having a void percentage of 10- 
55%, with at least one of carbon and a ceramic by 

w chemical vapor infiltration (CVI) and then coating 
the deposit surface with a ceramic or both ceramic 
and carbon by chemical vapor deposition (CVD). 

2. A process as set forth in Claim 1, wherein 
the CVI and the CVD are different in at least one of 

;s texture, structure and composition, and at least one 
of temperature, pressure feed gas rate and feed 
gas ratio is changed continuously in said vapor 
phase decompositions for a continuous change in 
at least one of texture, structure and composition. 

20 3. A process as set forth in Claim 1 or Claim 2, 
wherein said carbon/carbon composite having a 
void percentage of 10-55% has been obtained by 
impregnating a carbon fiber fabric with a carbona- 
ceous pitch and then carbonizing said carbona- 

25 ceous pitch. 

4. A process as set forth in any one of Claims 
1 to 3, wherein a hydrocarbon having 1 to 6 carbon 
atoms is used as a decomposition gas for obtaining 
carbon. 

30 5. A process as set forth in any one of Claims 
1 to 4, wherein said ceramic material is SiC. ZrC, 
TiC. HfC, B*C, NbC, WC, TIB^ or Si 3 N*. 

6. A process as set forth in any one of Claims 
1 to 5. wherein as a decomposition gas for obtain- 
as ing the ceramic material there is used a halide or 

hydride of Si, Zr, Ti, Hf, B, Nb. W or Tl, or a 
combination thereof with a hydrocarbon gas. 

7. A process as set forth in any one of Claims 
1 to 6, wherein the chemical vapor infiltration is 

40 performed at a temperature of 1,000* to 1.500* C 
and a pressure of 0.1 to 50 Torr. 

8. A process as s e t forth in an y one of Claim s 



so 



55 



1 to 7, wherein the chemical vapor deposition is 
performed at a temperature of 1,000* to 2,000* C 
45 and a pressure of 50 to 760 Torr. 
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